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1.0 INTRODUCTION

The Permitdefined objective of watershedscale stormwater planning is to identify a

stormwater management strategy or strategies that would result in hydrologic and water

NOAI EOU Ai 1T AEOQGEI 10 OEAO £01 1 U O@OAsDHi60 @& 00 OEE GAE
are defined in WAC 173201A-020, throughout the stream systemPoor water quality

(temperature, dissolved oxygen, fecal coliform bacteria, turbidity, and toxicants) and

altered hydrology in the Bear Creek study area are significantdgors in causing the stream

and its tributaries to not meet their designated use¢King County, 2017) With the

exception of temperature and dissolved oxygen, overall water quality in the Bear Creek

watershed appears to be improving since the 1970s. Curréfecal coliform concentrations

indicate a potential risk to human health, but the concentrations have decreased over the

past three decades. Temperature and dissolved oxygen levels are not conducive for

salmonids (as represented by violations of the stateater quality standards), and long

term trends have indicated that conditions have worsened over the past four decaddhe

average qualitativeBenthic Index of Biotic Integrity (B-IBI) score in the study area is

AT 1 OEAAOAA OEAEO86 4EA OFI AOEET AOOGO6 T &£ A OOOA
health as measured by BBI. Both water quality and quantity concerns may be improved

through stormwater management and treatment.

Stormwater best management practice$BMP9 include both low impact development
(LID) type facilities, such as pervious pavement or bioretention systems, and more
traditional facilities, such as stormwater detention and treatment. LID BMPs generally
address stormwater impacts near the source, and traditional facilities are more regional in
nature, serving larger areas further away from the source. The impacts of stormwater
BMPs are most readily modeled and comprised the primary component of the SUSTAIN
optimization model scenarios.

A prioritization method was developed based on stakeholder input with the goal of
focusing mitigation in identified, smaller catchments to achieve improvements early in the
Bear Creek Watersheescale Stormwater Managemen$tudy (the Study) implementation.

To determine these priority catchments, criteria were developed that allowed for
evaluating the number/severity of problems and potential opportunities for impactful/cost
effective projects in the catchments. Priority catchments are tse where the need is
greatest and opportunities for cost effective improvement are more availabléndividual
catchments (as delineated for thédydrological Simulation Program(HSPF and System for
Urban Stormwater Treatment and Analysis Integratio( SUSRIN) models) were assessed
(Figure 1). In some cases, several model catchments were grouped due to similar problems,
opportunities, and identified strategies. The selected catchments are at a spatial scale that
measurable outcomes would be expected if tagged projects were implemented.
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Figure 1.  Catchments used for modeling current and future water quality conditions a nd
prioritizing projects.
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2.0 CATCHMENT PRIORITIZATION

Several criteria were assessed to prioritize catchments for stormwater projects within each
partner jurisdiction. Catchments with poor water quality and BIBI score (i.e., with
problems) were given more weight (i.e., a greater prioritization) than catchmets with

good water quality and BIBI scores. Catchment opportunity is defined as the expected
simplicity (or complexity) to which water quality projects could be implemented in the
catchment. Catchments with greater opportunity were given more weight. Theriteria

used in the prioritization are detailed inTable 1.

The prioritization score is the summation of the criteria scores, witthigher values
representing higher priority.
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Table 1.  Criteria for evaluating catchments for water quality and hydrology projects.
o " . . Important Limitations/
Criteria Definition Explanation Data Source Scoring P -
Water Quality | Number of Data on modeled HSPF Model Number of parameters 1 Water quality conditions
Conditions modeled water quality were with exceedances were modeled using
(Modeled exceedances of | used to highlight o 5 parameters - 30 HSPF from recent water
Existing) water quality areas of the points quality data at a select
standards watershed where )
(temperature, conditions are not o 4 parameters- 25 number of sites.
turbidity, fecal expected to support points Conditions were
coliform, copper, designated uses 0 2to 3 parameters i extrapolated to un-
zinc) 15 points monitored catchments
0 1 parameter - 10 based on land use
points
0 O parametersi O
points
B-IBI (Modeled | B-IBI associated B-IBI is a multi- HSPF Model and B-1BI Score 1 The modeled B-IBI scores
Existing) with the modeled metric index that WRIA 8 B-IBI o Less than 40 - 20 are based on best-fit
flow metrics inthe | calculates a single, | Regression points regressions with flow
catchment numerical score 0 40to 60 - 10 points metrics.
designed to ]
represent 0 Mqre than 60 - 5 1 The flow metrics used to
information about points estimate B-IBI were
the ecological health modeled through HSPF
of a stream. based on land use,
stormwater facilities, and
monitored flows in the
basin.
King County Science and Technical Support Section A-10 April 2018
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Important Limitations/

Criteria Definition Explanation Data Source Scoring
Caveats
Untreated The amount of Untreated 2011 National Land | Percent impervious 1 Additional development
Impervious impervious area in | impervious areas Cover Database surface without treatment has occurred between
Area th_e catchl”r_]ent are a priority Impervious Surface | in catchment 2011 and 2017.
gg?r%lj\t,aet)élrs ing g]e;; gzﬁssetormwater (30 m resolution) 0 More than 80% - 30 | 1 Many stormwater facilities
treatment flashiness in f Mapped King points drainage ar ej
streams in addition County and 0 5010 80% - 20 mapped and therefore
to delivering Redmond points designated as untreated.
pollutants. stormwater o 30to50% - 10 1 Not all stormwater
catchments points facilities may be providing
0 Lessthan30% -5 an adequate amount of
points treatment.
Existing The number of Existing facilities are | { King County Number of existing Existing facilities may not
Stormwater existing an opportunity for Stormwater stormwater facilities in be present in the inventory.
Facilities stormwater retrofitting to meet Facilities catchment
Lﬁgﬁﬁ;:ﬂ the gzgz:t;fr:g]ggfr Shapefile . 0 .I.\/Iore th_an 5 facilities
improving both (storm_fac_point I 10 points
stream flashiness T accessed 2016) o 2to5 facilitiesi 5
and water quality. { City of Redmond points
9 Snohomish o Oto 1 facilitiesi O
County points
King County Science and Technical Support Section A1l April 2018
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Important Limitations/

Criteria Definition Explanation Data Source Scoring Caveats
Horse and The amount of Horses and King County Acres of 200ft stream 1 Existing agricultural BMPs
Livestock land in the livestock can have Agricultural Land Use | puffer in horse or are not available and
(Forage) Land | catchment with negative impacts on | 2013 livestock land were not assessed
land use stream water quality | (ag_landuse2013) '

designated as
horse or livestock

due to bank erosion,
runoff from manure,
and low riparian and
instream habitat
complexity. They
represent an
opportunity to install
agricultural BMPs
through partnerships
with landowners and
the King
Conservation
District.

o More than 10 acres

T 15 points

o 5tol0acresi 10
points

0 Lessthan5 acresi
5 points

1 Land use may have
changed between 2013
and 2017, including
conversion to or from
horse/livestock land.

Property
Value

The average
assessed value of
property from King
and Snohomish
counties
normalized by
area within the
catchment

Catchments with low
property values
represent an
opportunity to
purchase property
for the purpose of
construction
regional stormwater
facilities in addition
to instream and out-
of-stream habitat
improvement
projects.

9 King County Parcel
database using
2016 assessed
values

1 Snohomish County
Parcel database
using 2016
assessed values

Average cost per acre in
catchment
0 Lessthan
$500,000/acre i 20
points
o $500,000 to
$1,000,000/acre i
10 points
o $1,000,000 to
$5,000,000/acre i
10 points
o0 More than
$5,000,000/acres |
2 points

9 Assessed value does not
always equal the market
value.

1 Willingness to sell was
not assessed.
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Important Limitations/

Criteria Definition Explanation Data Source Scoring Caveats
Public Lands The amount of Public lands are a 1 King County Parcel | Fraction of catchment that | Not all public land may be
and publicly owned priority for database is public land suitable for stormwater
Easements land within the stormwater and tree | ¢ g ohomish County o More than 30% i facility construction or tree
catchment gljl: ig]?opv)vrgﬁgzts Parcel database 20 points planting.
associated with 0 10t030%1 10
construction and points
obtaining access. 0 Lessthan10%1 5
points
Right-of-Ways | The amount of city | Right-of-ways 1 King County Right | Fraction of catchment that | Not all right-of-ways are
and county road represent an of Way is ROW suitable for stormwater
right-of-ways in opportunity to {1 Snohomish County o More than 20% i 15 | facility construction or tree
the catchment construct BMPs (or . ; ;
habitat projects) Right of Way points . . planting
near roadways that (2015-07) 0 10t020%7T 8 points

can treat stormwater
without purchasing
private land.

0 Lessthan 10%i 5
points

Roof Area

Building roof area
within catchment

Building rooftops are
opportunities for on-
site stormwater
management (e.g.,
rain gardens,
cisterns, dry wells)

LiDAR data (does not
include Snohomish
County)

Fraction of catchment that
is rooftop
o More than 10% - 15
points
0 5to 10% - 10 points
0 Lessthan5% -5
points

Older LIiDAR data may not
represent the current
building roof footprint

King County Science and Technical Support Section

A-13

April 2018




APPENDIX A: Prioritization: WateQuality andQuantity Strategies

Bear Creek Watershed Management Study

Important Limitations/

91 WA Department of
Health Wellhead
Protection Areas

(WHPA)

Criteria Definition Explanation Data Source Scoring Caveats
Areas ASGWC and CARAs and WPZs 1 King County Areas | Not scored but evaluated | New WPZs are anticipated
Susceptible to | WPZs have represent a potential Susceptible to along other attributes from the City of Redmond in
Groundwater specific limitation to Groundwater the near future.
Contamination | regulations for constructing Contamination
(ASGWC) and | maintaining stormwater BMPs
Wellhead groundwater that utilize  Redmond
Protection quality infiltration. Wellhead
Zones (WPZ2) Protection Zones

(WPZ)
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3.0 PRIORITY KING COUNTY
CATCHMENTS

For catchments located primarily within unincorporated King County;The data input to the
prioritization metric and the resulting final score are displayed iffable 2 with the
catchments ranked. The following sectios detail the five topranked catchments and
discuss potential projects and actions to improve water quality antlydrology.
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Table 2.  Ranked catchments located primarily in King County and prioritization metric input data. Grouped catchments highlighted
with the same color, except catchment outside study area shaded in grey.
Scoring Metrics
Watgr B-IBI Untreqted Storm.V\./ater Forage Property | Public | Right-of- Roof Total
Catchment | Quality Score Impervious Facility Livestock Cost Land Way . Score
Score Score Score Score Score Score Score

BEA120 15 10 10 5 15 10 20 0 5 90
BEA230 15 10 30 0 0 15 0 8 5 83
BEA200 15 10 10 5 15 5 10 0 10 80
BEA740 15 20 10 0 0 10 0 8 10 73
BEA250 15 20 0 10 0 5 0 8 15 73
BEA300 15 10 5 0 0 15 20 0 5 70
BEAB800 10 10 5 0 10 20 0 70
BEA160 15 20 5 0 0 5 10 8 5 68
BEA280 15 10 10 5 0 10 0 8 10 68
BEA170 15 20 0 5 0 5 0 8 15 68
BEA750 15 20 10 0 0 0 8 10 68
BEA770 15 20 10 0 0 5 0 8 10 68
BEA245 15 10 10 5 10 5 0 0 10 65
BEA030 15 10 5 0 15 15 0 0 5 65
BEA040 15 20 10 0 0 10 0 0 10 65
BEA060 25 10 10 0 0 5 10 0 5 65
BEA130 15 10 10 10 0 15 0 0 5 65
BEA430 15 10 5 10 0 5 10 0 10 65
BEA990 15 10 10 0 10 10 0 0 10 65
BEA450 15 10 0 10 0 5 20 0 5 65
BEA510 15 10 10 5 0 15 0 0 10 65
BEA690 15 10 0 5 0 10 20 0 5 65
BEAO70 5 0 10 0 0 15 20 8 5 63
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Scoring Metrics
Watgr B-IBI Untreqted Storm.V\./ater Forage Property | Public | Right-of- Roof Total
Catchment | Quality Score Impervious Facility Livestock Cost Land Way . Score
Score Score Score Score Score Score Score
BEA020 15 10 5 0 0 10 10 8 5 63
BEA240 15 10 10 5 0 5 0 8 10 63
BEA710 15 10 0 10 0 10 0 8 10 63
BEA940 15 10 10 0 0 10 0 8 10 63
BEA335 15 10 10 5 0 10 0 0 10 60
BEA350 15 10 10 0 0 5 10 0 10 60
BEA590 15 10 0 0 0 10 20 0 5 60
BEA600 15 10 0 10 0 10 10 0 5 60
BEA720 15 10 10 5 0 10 0 0 10 60
BEA830 15 10 5 5 0 10 10 0 5 60
BEA460 15 10 5 0 0 5 20 0 5 60
BEA540 15 10 0 0 0 10 20 0 5 60
BEA760 15 10 10 0 0 5 0 8 10 58
BEA400 15 10 5 0 0 10 0 8 10 58
BEA210 15 10 10 0 0 15 0 0 5 55
BEAO50 15 10 10 0 0 10 0 0 10 55
BEA275 15 10 5 0 0 10 10 0 5 55
BEA490 15 10 5 10 0 10 0 0 5 55
BEA570 15 10 0 0 0 15 10 0 5 55
BEA910 15 10 10 0 0 10 0 0 10 55
BEA950 15 10 10 0 0 10 0 0 10 55
BEA325 5 10 0 0 0 15 20 0 5 55
BEA380 15 10 10 0 0 10 0 0 10 55
BEA390 15 10 5 0 0 15 0 0 10 55
BEA525 15 10 5 5 0 15 0 0 5 55
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Scoring Metrics
Watgr B-IBI Untreqted Storm.V\./ater Forage Property | Public | Right-of- Roof Total
Catchment | Quality Score Impervious Facility Livestock Cost Land Way . Score
Score Score Score Score Score Score Score
BEAS530 15 10 5 5 0 10 0 0 10 55
BEA270 15 10 5 0 0 5 0 8 10 53
BEA610 15 10 5 0 0 15 0 0 5 50
BEA150 15 10 10 0 0 10 0 0 5 50
BEA220 15 10 5 5 0 5 0 0 10 50
BEA370 15 10 5 0 0 15 0 0 5 50
BEAS500 15 10 5 0 0 15 0 0 5 50
BEAS580 15 10 5 5 0 10 0 0 5 50
BEA780 15 10 10 0 0 10 0 0 5 50
BEA140 15 10 5 0 0 15 0 0 5 50
BEA315 5 10 0 5 0 5 20 0 5 50
BEA360 15 10 10 0 0 5 0 0 10 50
BEA410 15 10 5 0 0 15 0 0 5 50
BEA420 15 10 10 0 0 5 0 0 10 50
BEA480 15 10 10 0 0 10 0 0 5 50
BEAS550 15 10 5 0 0 15 0 0 5 50
BEA725 15 10 10 0 0 10 0 0 5 50
BEA820 15 10 0 5 0 10 0 0 10 50
BEA900 15 0 10 0 0 5 10 0 5 45
BEA730 15 10 10 0 0 10 0 0 10 45
BEA180 5 0 0 0 0 15 20 0 5 45
BEA260 15 10 10 0 0 5 0 0 5 45
BEA290 15 10 0 5 0 5 0 0 10 45
BEA700 15 10 5 0 0 10 0 0 5 45
BEA330 15 10 0 0 0 10 0 0 5 40
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Scoring Metrics

Water B-IBI Untreated Stormwater Forage Property | Public | Right-of- Roof Total
Catchment | Quality Impervious Facility Livestock Cost Land Way

Score Score Score

Score Score Score Score Score Score Score
BEA320 5 0 0 0 0 2 20 0 5 32
BEA310 5 10 5 0 0 5 0 0 5 30
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3.1 BEA120 O Lower Mackey Creek (S core: 9 5)

The Lower Mackey Creek (BEA120) catchment includes lower Mackey Creek to its mouth
at the confluence with Bear CreekTable 3). The catchment is 256 acres in area. Much of
the catchment is horse pasture, which may or may not have agricultural BMPs in place. A
program to identify missing agricultural BMPs and incentive their installation igdentifi ed,
with a specific focts on the parcels in this catchmen{Table4). The catchment is one
guarter public land, with Mackey Creek running through public landFigure 2). With a

focus onpublic lands, a program to identify and improve poor iparian habitat is identifi ed.
This canbe done in concert with instream habitat restoration projects.

Theretention/detention (RD) facilities were both constructed prior to 1990 and likely do
not meet current design standardgFigure 3). Itis identifi ed that these facilities be
inspected and,f needed, updated to provide better storage and water quality treatment
(Table4). Because the area is highly susceptible to groundwater contamination, road
runoff would need to be treated prior to infiltration (Figure 4 andFigure5).

Table 3. Available data for Lower Mackey Creek (BEA120) catchmen t.

Criteria Data

1 Temperature (40% of summer 7-DADMax temperatures exceed
water quality standards)

1 Dissolved Oxygen (3 of 3 summer samples did not meet water

quality standards)

Fecal Coliform (the stream did not meet the geometric mean and

90th percentile water quality criteria)

I Total Suspended Solids (wet-weather samples are twice that of
baseflow samples)

1 Copper (one wet-weather sample exceeded the chronic toxicity
criterion)

Existing water quality i
problems

Existing instream habitat
problems

B-I1BI (WRIA8 Regression)

Loss of vegetation and instream large organic debris (Entranco, 1994)

Fair (46.9)

Pasture: 28%
Trees: 42%
Shrub: 19%
Impervious: 4%
Other: 8%

Riparian land cover

Public Lands

25% public land

City of Redmond

Farrell McWhirter Farm Park (3126069017, 3126069004)

King County Parks

3126069052

Horse and Livestock
Lands

35 acres

3126069099, 3126069064, 3126069147, 3126069011, 3126069017
(City of Redmond), 1243100060, 1243100063, 1243100025,
1243100033, 1243100045, 1243100049, 1243100016, 1243100030,
1243100040, 1243100111, 1243100112
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Criteria Data

13 acres (including road surface)

196th Ave NE

NE 103rd St

NE 106th St (near confluence)
Right-of-Ways NE Redmond Way
ROW W to E from 196th AVE NE (just south of NE 113th St) to
NE Redmond Rd (intersects Mackey)
ROW NNW to SSE from NE 116th St (near 200th Ave NE) to
NE Redmond Rd (intersects Mackey)

$313,825

Property Value Lower costs along Lower Mackey (below McWhirter Park)

: 8% of catchment is untreated impervious land
Untreated Impervious

A 1 Horse barns/house in lower Mackey Creek
rea
1 Generally pasture/open land/forest

1 RD Pond for Little Bit Therapeutic (D99099) i date built unknown
Existing Stormwater 9 RD Pond for Tall Firs Equestrian (D97150) i date built unknown
Facilities 1 RD Pond/trench for residential at west end of NE 103rd St i built

1990

Easements None

1 Lower Mackey Creek i High Susceptible to Groundwater
Contamination and in Redmond Wellhead Protection Zone 2

Groundwater (outside Redmond jurisdiction)

1 Upper catchment i medium/low susceptibility

1 WPZ Avon Villa Trailer Park i north end of lower Mackey

53% of the stream has less than 50% shading

Hot spots of low shade:

Stream Shade 1 Confluence with Bear Creek (owned by King County Parks)

1 PSE Easement over Mackey Creek from 196th Ave NE to NE
Redmond Rd (W to E)
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Table 4. Summary of Identified Strategies for Lower Mackey Creek (BEA120) catchment

Benefits
() £ 2
) = =
Strategy z| 2| = | 3
s @© O =
o2 5| O 2| o
~ o — —_—
3 o D &
el § ¢| B | =
| L = =
Incentivize agricultural BMPs for horse pastureland X X
Plant trees on public land with poor stream shading - McWhirter Park X X
Inspect and optimize the existing D97150 and D90930 stormwater X X X
facilities
Incentivize LID installation on private land X X X X
Incentivize tree planting on private land X X
Install roadside bioretention facilities in road right-of-way X X
Construct new regional facilities to meet need after LID installation X | X X X
April 2018
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N
1t 1T T 1 T T T ]
-A 0 0.125 0.25 0.5 Kilometers

Lower Mackey (BEA120) Catchment
Agricultue (2013) Public Land
Managed Field, Grassland |:| Public Land
Livestock, Forage - Public Right of Ways
///// Market Crops (Produce) - Easements
I Horse Stream
Y Nursery

Unmanaged Grassland
i =

[ X )

Figure 2.  Lower Mackey Creek (BEA120) catchment agricultural and public land.
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N DS0086

1 T T ] 1 T ]
A 0 0.125 0.25 0.5 Kilometers

Lower Mackey (BEA120) Catchment
Stream Shading (%) RD Facility (SWDM Year) Impervious Area (%) | |
0-25 W 2009 0-14
126-44 @ 2005 . 15-28
45-74 oy 1998 P 29-46
B 75100 & 1990 B -0
™7 pre-1990 - 71-100
_\“N-'l\ r]— :’ RD Facility Drainage
— ..
Figure 3.  Lower Mackey Creek (BEA120) catchment stream shading, impervious area, and RD

facilties and their drainage area.
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N'

|
A 0 0:125° 025 0.5 Kilometers

COUNTY-PARKS

KC Road Ponds (BEA070) Catchment

Parcel Value (Cost per acre) Public Land

[ <85,000 Public Land

"~ $5,000to $50,000 I Public Right of Ways
$50,000 to $100,000 Stream
$100,000 to $500,000

$500,000 to $1,000,000
77 $1,000,000 to $5,000,000

_‘“m—'\ r! / I >$5,000,000
=

Figure 4.  Lower Mackey Creek (BEA120) catchment parcel values and public lands.
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I 1 I | 1 I I |
0.125 0.25 0.5 Kilometers

>

Lower Mackey (BEA120) Catchment

Wellhead Protection Area Areas Susceptible to Redmond Wellhead
-10-Year TOT Groundwater Protection Zone
Source Susceptability Contamination WPZoneNo

Susceptibility
<> Not Rated ’
> Low l | Low 2
<> Moderate |:| Moderate D .

_w\ r-High ) -High _ D“

Figure 5.  Lower Mackey Creek (BEA120) catchment groundwater protection areas. Bottom -left
to top -right hatching for Redmond indicates infiltration restriction for pollution -
generating hard surfaces runoff, excluding single -family residential runoff. No
wellhead p rotection 10 -year TOT in catchment.
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3.2 BEA230/240/245/250 d English Hill (Score: 8 8)

The English Hill catchments (BEA23@40/ 245/250) all drain to Bear Creek downstream

of the confluence with Cottage Lake Creekhese catchments were grouped because of
their similar land use and the likely need to address the four in order to have measurable
water quality improvement downstream. The catchmens are a total of 754 acres in area.
The catchments drain to a wetland nar Bear Creek prior to flowing into the creekThe
tributaries are not named.The catchments are low density development and farmland near
Bear Creek (BEA230)Figure 6) and medium-density residential developments further
upstream in the catchment (BEAR24245/250) (Table5). Very little is public land (3%)
(Figure 8).

Much of the upper catchments are served by regional stormwater facilities built prior to
1990 (Figure 7). These facilities likely do not meet current flow control requirements and
do not provide significant water quality treatment. It identifi ed that these facilities be
inspected and, if needed, updated to provide better storage and water quality treatment.
Because the area is highly susceptible to groundwater contamination in the lower
catchment, road runoff would need to be treated prior to infiltration (Figures 9).

A program to identify missing agricultural BMPs and incentive their installation is
identifi ed, with a specific focus on the parcels in this catchme(itable6).

Table 5. Available data for English Hill catchments (BEA230/240/245/250)

Criteria Data
Existing water quality Water quality in the unnamed Bear Creek tributary was not
problems monitored
Existing instream habitat No data
problems
B-IBI (WRIA8 Regression) Fair (49.4) (BEA230)

Pasture: 23%

Trees: 26%

Riparian land cover Shrub: 18%

Impervious: 12%

Other: 21% (water, bare area, grass, etc.)

Public Lands 3% public land

7273100123
7273100183
King County Roads 7273100185
7273100201
3026069046

0200800560
2802200310
4188000760
4188000810
8121201040
5701700600
5701700644
6641200130

King County WLRD
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